This improved specification may be extremely helpful to policy-makers in developing nations, where the list of proposed programs often includes many that aim at improving management. For example, in the area of agricultural development there are frequent proposals related to extension services, farmer training centers, model farmer programs, best farmer awards, field days, mass media programs, and the like. The specific content of such programs may vary considerably: teaching specific farm skills;
teaching general skills such as literacy and arithmetic; exhorting farmers to work harder; stimulating demand for cash goods; and attempting to develop a generally more modern, change-oriented outlook. If policy-makers know why some farmers are better managers (i.e., why there are technical efficiency differentials) they might have firmer grounds for choosing among such an array of programs. For example, the choice among extension, general education and mass media programs might hinge on whether technical efficiency was most closely associated with knowledge of specific farming techniques, or literacy, or a modern outlook.
Policy-makers would not be the only beneficiaries of improved specification. Econometricians attempting to improve our understanding of production processes would also benefit. Failure to adequately specify a management-related variable leads to problems of simultaneous equation bias and inconsistency (see Mundlak and Hoch, 1965) , and specification bias (see Griliches, 1957 ). Furthermore, a continual effort to improve economic models follows naturally from adherence to the notion that "...the distinctive aim of the scientific enterprise is to provide systematic and responsibly supported explanations" 2 (Nagel, 1961, p. 15).
This paper addresses the issue of improved specification by analyzing the roles of information and modernization in the production process on cotton farms in Tanzania. Muller (1973) has provided a theoretical and empirical analysis of the role of information on California dairy farms.
The role of modernization has been discussed primarily in the sociology literature and a theoretical economic analysis would require a separate paper. Suffice it to say that such a discussion must consider not only adoption of innovations (a common sociological theme), but also possible reshaping of indifference curves.
The two following sections outline the conceptual issues upon which this paper focuses, and the remaining sections present results of an empirical investigation of those issues.
The Conptal Problem
Consider a sample of firms (in one industry) whose production activities give rise to the scatter of points in Figure 1 . Some firms are on 3 the technically efficient frontier isoquant while others lie varying distances 2lSee Appendix. Input Figure 1 away from it. One explanation of this pattern is that firms actually face different technologies. If this were true, there would be no basis for analyzing technical efficiency since that concept refers to exploitation of a common technology. An alternative explanation is that the pattern does not represent real differences in technology but rather arises from random disturbances. This is a common assumption underlying regression estimation of a unique production function. Again, we have no reason to speak of technical efficiency.
A third explanation argues that all firms have potential access to the same technology but that some are more successful than others in ex-
In this case we may compare relative levels of technical effi-OA ciency.
In figure 1 to build on this earlier work and go beyond quantification to identification of the sources of technical efficiency differences.
Sources of Differences in Technical Efficiency
We posit a set (T) of physical relationships between inputs and output. This is the full technological set faced by an industry. It includes those relationships represented by the frontier isoquant and also 1 1 by all other points in Figure 1 In sum, we hypothesize that differences in technical efficiency (with regard to T) may arise from interfirm differences in information and modernization, which act as a double filtering system in determining the 2 technological subset T. that any firm actually employs.
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The remainder of this paper is a report on an effort (1) to measure information, modernization and technical efficiency on African cotton farms; (2) to determine the interrelationships among those variables in light of the above hypotheses; and (3) to analyze the roles of information and modernization in the production process. Sections 4 through 7 attempt to provide substantive insights into the variables through discussion of the research site; the sample and the collection of data; specification of physical inputs and output; and specification of information and modernization, for which a new methodology based on factor analysis and Guttman scaling is presented. The next two sections consider the measurement of technical efficiency and the empirical determination of its sources. This determination indicates possible roles for information and modernization.
The nature of these roles is analyzed in sections 10, 11 and 12 by introducing those variables into Cobb-Douglas production functions.
The Research Site
Data used in the following analysis were collected during a year- Tenure is fairly secure on all land worked (including reasonable fallow) by a household, but land may not be legally sold nor rented. All land allocation or reallocation had been under the control of tribal authorities, but is now controlled by the Village Development Council, a local group of elected farmer representatives. The second reason for excluding capital is that among farmers using fertilizer or insecticide, only a very small percentage use them properly.
Thus a complex standardization would be necessary. For example, only two of the eleven insecticide users sprayed more than twice. The recommendation is for six applications, and there is reason to believe that two sprayings are worse than none because of damage to the natural enemies of cottondestroying insects.
Output is specified as the value (Tanzanian cents) of cotton sales.
All farmers face the same prices, which are fixed before the planting Inadequate specification is obvious in the above discussion. For example, the use of homogeneous, composite measures of land and labor may hide interfarm variability that may lead to dif ferences in technical efficiency. Two likely sources of such differences are variability in labor timing and in land rotation. While timing and rotation are obvious and measurable, other sources of interfarm differences may not be so 1 There are 100 Tanzanian cents to a Tanzanian shilling. In 1969/70
one Tanzanian shilling was worth about 14 U.S. cents.
amenable.
To the extent that we have not measured obvious sources of differences and do not have knowledge of still others, the production models can be improved by specifying variables that are thought to give rise to such interf arm variability. Analysis of such variables has the further advantage of possibly shedding light on w some farmers are better managers than others.
As discussed above, these considerations have led us to examine the roles of information and modernization in the production process.
Specification of Modernization and Information
Data on the amount and type of information possessed by farmers were obtained during a broader investigation of modernization. An individual's relative modernization is operationally defined as some function1 of the extent to which he has adopted more of the available modern items than have others in the sample and the extent to which he has adopted more of the more modern of those items. A series of questionnaires and interviews generated data on 85 vari-1 Elaborated briefly below and more fully in Shapiro, 1972 .
ables that pertain to modern items. Guttman scaling techniques were applied to the adoption patterns of subsets of these items and nine scales were obtained with a total of 45 items. (See Table 1 We assume that frequency of adoption is inversely related to the relative modernity of the item. Thus a farmer's Guttman scale score reflects both the quantity and quality (relative modernity) of items adopted by him.
Aset of items were judged to form a Guttman scale if the coefficient of reproducibility was > .90 and if the coefficient of scalability was > .60. 3 Each scale was considered as a variable, and farmers' scale scores were considered as observations on the variables. Thus there were nine variables, each with 67 observations. CR is the Coefficient of Reproducibility; CS is the Coefficient of Scalability; w = Weight given the scale (square of the factor loading).
-15-The first factor in the unrotated solution explains more of the communal variation within the sample (of 67 scores on each of 9 scales) than does any other factor in any other solution. We assume that this factor is the best reflection of a general modernization dimension underlying all nine scales. The extent to which any one scale reflects general modernization may then be determined by the percentage of the variation in its scores that is explained by the first factor.
That percentage is the square of the factor loading. Thus a farmer's general modernization score is a weighted sum of his individual scale scores, where the weights attached to each of the scales are the squares of their factor loadings. These weights are
shown as "w" in Table 1 above.
In addition to the unrotated solution we also obtained several rotated ones in the search for a common information dimension. We found no factor clearly reflecting such a dimension. Muller (1972, 1973) has developed a theoretical basis for using information as an input in the production process. However, the above correla- 
Specification of Modified Cobb-Douglas Production Functions
Modernization and information have been discussed above in relation to technical efficiency. Technical efficiency, in turn, focuses on interfirm differences in the amount of output obtained from given levels of physical 1On the other hand the relation to technical efficiency might not flow from information obtained from the officials, but perhaps from some factor that leads to knowledge of the officials. A common contention is that local officials concentrate their attentions on larger, wealthier farmers. However the evidence available does not offer very strong support for that view. For example, one indication of farm wealth and size might be area newly planted in 1969. This area had a .30 correlation with farmers' knowledge of officials, but had between a .41 to .60 correlation with other scales (6-9) that seem more clearly associated with wealth. Furthermore, those scales almost unanimously show closer correlations among themselves than between the scale reflecting knowledge of officials and any one of them. (See Table 3 ) Thus even if wealth and size do lead to better management, they do not seem very closely correlated with knowledge of officials and hence do not provide a causal explanation for the correlation between that knowledge and technical efficiency. 
inputs.
Hence it seems appropriate to specify a production function in which modernization or information have a direct effect en theso physicaI inputs.
Thus we follow Nerlove (1965) and others in specifying these efficiency-related variables either as neutral intercept-shifters or as components in the elasticities of all or some of the physical inputs.
Equation (1) shows the variable (information in this case) in all these possible roles.
where Y = earnings from cotton (Tanzanian cents), This general specification was varied by setting some of the b. coefficients iI equal to zero, by using general modernization, (M), rather than information, and by including both in the same equation. We hope to learn the extent to which modernization and/or information are labor-augmenting, land-augmenting or neutral in their impact on production.
'This specification, which does not introduce information or modernization as multiplicative variables on the same terms as the physical inputs, may conform to the spirit if not the letter of Samuelson's admonition "that only 'inputs' be explicitely included in the production function and that this term be confined to denote measurable quantitative economic goods or services" (Samuelson, 1965, p. 84). 2 We also examined regressions with information specified as farmers' scores on the other three information scales. As expected from the correlation analysis, these variables were almost always insignificant.
Regression Results
Before discussing the estimates of those production functions which contain management-related variables, it is worthwhile comparing the regression estimate of average function (2) although a discussion of the significance of differences between coefficients in (1) and (2) might be misleading, it does seem safe to postulate that farmers in this area achieve greater technical efficiency through higher labor elasticities and not through higher land elasticities nor through a neutral shift. That is, management may be primarily labor-aug-7 menting. The regression results presented in Table 4 seem to support this. Only the two elasticities of land are significantly different at p < .20, but unbiased estimates in (2) would increase the probability of only the labor elasticities being significantly different. 2 We would like to thank Larry A. Herman for computation assistance. elsewhere it is negative.
Other permutations of these specifications are presented but not discussed because of the aforementioned problems of specification bias and multicollinearity.
Conclusions and Speculations
We are not surprised to learn that management is primarily labor-augmenting in this part of Tanzania. Land is still relatively abundant3 and labor is far more likely to be the binding constraint, especially since the labor calendar shows sharp peaks at times of land preparation, weeding 1 The only difference is that bKM is not significant at p < .*9 but is at p < .20 while bK is not significant at p < .20 as well.
2 See Table 5 . 3 The land in Geita is also fairly fertile. Most of the district was nearly uninhabited until after World War II when tsetse-clearing programs allowed the cattle-raising Sukuma to migrate in from the East. Hence the soil's nutrients have not been drawn upon for very long. Relatively high natural fertility is reflected in relatively low fertilizer responsiveness in experiments carried out by the nearby Ukiriguru Research Center. Figure 2 shows how yields decline rapidly if planting is delayed. The care with which various tasks are done is also quite important. A farmer's performance in all these aspects of labor may be determined by his knowledge about them, but we hypothesize that a more important factor is his willingness to be fully technically efficient --a willingness that is associated with modernization. 
]
has reported that in parts of Uganda farmers said they had switched from using traditional, cooperative work groups to using hired individuals because the work of the latter was easier to control. This might be relevant when a farmer wants to vary a traditional task or simply wants to enforce its ideal form. The shift 1 The correlations displayed in Table 2 and the associated discussion seem to indicate a lesser role for information than for modernization. from groups to individual hired workers entails a subtle economic cost to the extent that participation in a group provides a type of insurance policy. The shift also entails noneconomic costs to the extent that nonparticipation may result in, for example, partial social ostracism. Noneconomic costs may also be incurred when a farmer tries to force family members to perform their work in a certain way. All such activities might lead to a farmer being labeled "unsociable" by the area's Sukuma people, who value "sociability."i
The above remarks are intended to provide a partial explanation of how general modernization may affect technical efficiency in traditional farming.
The modern farmer, who might be marching to a different drummer, 2 may be more willing to incur the aforementioned noneconomic costs, and (to argue along more traditional lines) his risk preferences and his perceptions of the market economy (e.g., the market as a source of food) may lead him to subjectively deflate the aforementioned economic costs. Such factors may make the modern farmer more willing to strive for greater technical efficiency.
1
For example, one group of ten households (nyumba ya kumi-kumi) elected as their representative (balozi) to the ward's TANU meetings a farmer whose older brother also lived(in his own compound)in the kumi-kumi. This departure from honoring elders was attributed, by some, to the older brother's lack of sociability. Both brothers were about comparable in wealth and relevant skills such as literacy. Yotopoulos [5, p. 182] and others seem to have followed.
To review Griliches' argument, we wish to estimate the parameters in the following "true" relationship between x and y:
but for some reason we estimate the parameters in
where y is the column vector of values of the dependent variable, X is matrix of the full set of k independent variables, X differs from X in lacking one or more columns corresponding to the omitted variables, a 1 The results regarding individual coefficients would seem to hold.
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is the vector of "true" parameters and b is the vector of extimated jparaineters.
Griliches notes that
Let (X'~X)
1 X'X = P and write E(b) = Pa.
The elements of P may be thought of as estimated parameters in the "auxiliary" regression of each column of X on X.
For example, the kth column of P is composed of the parameters estimated in the "auxiliary"
regression of xk on the h included variables:
For the case of only one omitted variable, xk, (i.e. h=k-1) the only nontrivial auxiliary regression is for that variable.
For other variables we have, for example,
Hence P may be partitioned into a k-1 by k-1 identity matrix and a k-1 by 1 column vector of the pik elements from (4). When these results are applied to equation (3) we have, for example,
Griliches moves from this general case to the Cobb-Douglas case with an omitted variable --a variable that Griliches implicitely assumes should have been specified in the function in the same manner as the other multiplicative variables. This unstated assumption and the above preliminary results lead Griliches to write the bias in returns to scale as
Since ak is assumed to be greater than zero, the crucial question for k-1
Griliches is whether Z pik is greater or less than unity. This is deteri=1 mined in the nontrivial regression, which, for the Cobb-Douglas case, is It is probably true, in most of our samples, that a farmer who farms on twice the scale of his neighbor is not twice as good an entrepreneur, nor does he do twice as much managerial work.
If this assumption about our samples is right, the sum of the coefficients in the 'auxiliary' equation will add up to less than one and we shall consistently underestimate returns to scale.
The point we wish to make is that these results depend on Griliches' implied assumption that management enters the production function as a multiplicative variable in the same manner as land, labor and capital.
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That specification gives rise to the particular form of the auxiliary regression in (6), and the expression for the bias in estimated returns to scale in (5) . If management enters the Cobb-Douglas production function in some other manner, equations (5) and (6) will be different and, in some cases, so will the direction of bias in estimated returns to scale.
That is, Griliches results are not general but rather apply to a parti- Plz log xIf + P2z log x 2 f (lla)
Returns to scale in the "true" production function (9) are R=a +almf +a2
while in the estimated function (10) they are R = b + b2 (13)
The bias in estimated returns to scale is then like Griliches', is not general but rather depends on the form in which management enters the production function. Thus one general conclusion of this note is that economists should have some notion of the nature of the "true" production function before they venture judgements about the bias in any estimate of returns to scale. 
